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PLASMA REACTOR CHAMBER 



The invention relates to a plasma reactor chamber 
for continuous plasma processing of the major surfaces 
of a plurality of substrates. The chamber is particu- 
larly well suited for plasma processing of printed 
circuit boards or cards having through-holes or viaduct 
holes, commonljf called vias* Among others, the chamber 
permits plasma etching and cleaning processes. 

In the manufacture of many electronic coit^ionents , 
such as integrated circuits, there is a need to deposit 
metallic films on substrates. Materials such as copper 
may be deposited on ceramic or glass substrates; and 
then etched or otherwise fabricated into the electrical 
ciruits and/or components. 

In the field of plasma deposition, an atom may be 
displaced from the surface of a target connected to a 
cathode by a process called sputtering or sputter de- 
position. In this process, the target is most often 
constructed of electrically conductive material such 
as copper or the like. The cathode to which the target 
is attached is, subjected to a relatively high voltage, 
either DC or radio frequency, in an inert atmosphere 
such as argon. The inert gas is ionized, forming an 
excited gaseous state (plasma) from which positive 
ions escape to bombard the exposed surface of the target. 
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By ffloinentum transfer, the atoms or clusters of atoms 
of the target material are thereby dislodged. It is 
this dislodging of the target atoms that is known as 
sputtering. By repeating this process, a number of 
these primarily neutral atoms move through the space 
in front of the target, in a relatively high vacuum. 
Eventually these atoms strike and condense on the 
surface of a receiver, known as a sample or substrate, 
which is generally in close proximity to the target. A 
coating of atomic or molecular layers of target mate- 
rial can thus be built on the substrate. The coating, 
which is generally less than l^m, is called a thin 
film. It is generally sufficient for the metallization 
of integrated circuits. 

''^o"9h holes or viaduct holes (coimnonly called 
vias) are paths for electrical interconnections between 
a first-level conductive pattern and a second- or 
higher-level conductive pattern. In order to electri- 
cally connect circuits on different substrate levels 
to each other precious metal (e.g., palladium) seeding 
and eiectroless metal deposition have been used to coat 
the walls of th4 vias, often followd by electroplating. 
Most recently, however, plasma technology has been 
applied to this problan. 

In the field of plasma processing of substrates 
for use as printed circuit boards and cards, nonuni- 
formity of a plasma field can result in nonuniform 
etching, nonuniform depostion and/or nonuniform 
cleaning of via holes and through holes, the latter 
being referred to as desmearing. in the etching pro- 
cess, for exaiuple, a more Intense plasma field in the 
center of a board results in a higher etching rate for 
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that portion of the board, whereas a relatively 
sparse plasma density at the edges of the board re- 
sults in a proportionally and predictably low etch 
rate for those sections. It has been found that non-- 
uniformity of an electric field in proximity to an 
electrically floating printed circuit board results 
in nonuniform plasma treatment thereof. 

One conventional method for attaining more uniform 
plasma etch results requires a high CF^ concentration 
to produce fluorination where desired to decrease etch 
rate. 

Normally, oppositely charged electrodes are pro- 
vided in a vacuum chamber to initiate a plasma reaction. 
Such apparatus is shown, for example, in European patent 
application. No. 85.101920.8, filed on February 22, 1985, 
and assigned to the present assignee. 

O.S. Patent No. 3,757,733, issued to Reinberg, dis- 
closes a cylindrical reactor for use in plasma deposi- 
tion. Means are provided for establishing a radial flow 
of reactant gases from the outer region of a support that 
holds substrates to an inner region of the support. 
Means are also provided to exhaust gases from the inner 
region of the support. Such an apparatus, as disclosed, 
can be used only in batch operations to treat only one 
major surface of a substrate at a time, as opposed to 
continuous or semi-continuous operations. Moreover, 
since much of the reactant gases is consumed, the uni- 
formity of plasma deposition is ensured only for rela- 
tively small substrates or wafers. Finally, the appara- 
tus is intended to be used for plasma deposition, only 
not etching* 
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U.S. Patent No. 4,264,393 Issued to Gorin, et 
al, discloses a reactor apparatus for plasma etching 
or deposition. The apparatus has two parallel plates 
within the reactor, one of which functions as mani- 
fold for reactant gases which are dispensed through 
a regular array of orifices into the r.f . field bet- 
ween the plates. The parallel plate structure can be 
stacked in an array of alternating grounded and r.f. 
plates to increase the apparatus capacity. The reactant 
gases are introduced only from one direction (i.e., the 
plates have an array of orifices only on one side) , re- 
sulting in one-sided etching of substrates or via holes 
therein. 

The aforementioned references are not appropriate 
for etching large substrates on both major surfaces or 
for generating uniform plasma fields over a large area . 

It would be advantageous to provide a plasma re- 
actor system for generating uniform plasma fields. 

It would further be advemtageous to provide a 
plasma system for uniformly processing the major sur- 
faces as well as the via holes and through holes of 
large substrates. 



It would also be advantageous to process substrates 
in uniform plasma and electrical fields continously or 
semi-continuously, replenishing reactant gases as they 
are consumed. 



It would further be advantageous to use a plasma 
reactor in continuous fashion for etching and cleaning 
substrates. 
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It would be advantageous to provide for bi-direc- 
tional plasma gas flow against, around and through the 
substrates for more uniform and efficient plasma pro- 
cessing. 

The invention as claimed is intended to meet the 
above objectives and to remedy the drawbacks hitherto 
encountered. 

In accordance with the present invention, there is 
provided a system for plasma processing the major sur- 
faces of a plurality of substrates. The system comprises 
a plasma reactor chamber, provision for continously in- 
troducing a gas to be converted in a reactive species 
by an electrical field, provision for applying such 
electric fields to the substrates, provision for con- 
tinously exhausting gas, an automatic transport or drive 
mechanism connected to the chamber and the substrates to 
facilitate the advancement of substrates seriatim along 
a predetermined path in the chamber, and a vacuum lock 
connected to the chamber ofr maintaining a substantially 
constant atmosphere in the chamber while each of the sub- 
strates is inserted into and removed from the chamber. 

The main advantages offered by the invention are 
that the plasma reactor chamber permits continuous or 
semi-continuous processing of a plurality of sTibstrates 
as compared to the hitherto used batch processing systems, 
and it provides for uniform processing of both sides of 
the substrates as well as of the via holes that may be 
present in the substrates. 
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A complete understanding of the present invention 
may be obtained by reference to the accompanying 
drawings, when taken in conjtinction with the detailed 
description thereof and in which: 

FIGURE 1 is a schematic representation of prior 
art apparatus for producing a plasma field; 

FIGURE 2 is a schematic representation of prior 
art apparatus for creating a plasma field surrounding a 
substrate; 

FIGURE 3 is a schematic representation of appara- 
tus in accordance with the present invention for creat- 
ing a uniform plasma field; 

FIGURE. 4 is a sectional schematic representation 
of a reactor chamber; 

FIGURE 5 is a perspective view of a plurality of 
substrates and hollow electrodes showing gas distribu- 
tion for use therewith; 

FIGURE 6 is a cross-sectional view taken along 
line 6-6 of FIGURE 5; 

FIGURE 7 is a top sectional view of a continuous 
apparatus in accordance with the present invention; and 

FIGURE 8 is an alternative embodiment of a conti- 
nuous apparatus for plasma processing. 
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Referring now to FIGURE 1, there is shown a cross 
sectional view of a conventional upper panel electrode 
10 and a lower panel electrode 12^ as is well known in 
the prior art. Both electrodes 10 and 12 have major 
axes parallel to one another. This configuration is 
referred to as parallel plate panel electrodes. 

A power supply, not shown , is connected to each of 
these electrodes 10 and 12. A positive charge is 
applied to the upper electrode 10 and a negative charge 
is applied to the lower electrode 12, as shown in 
FIGURE 1 at a given instant of time. The electrical 
field between parallel electrodes 10 and 12, identified 
by reference numeral 14, is svibstantially uniform in 
the center region. The electrical field is more intense 
at both edges of the electrodes 10 and 12, however, as 
shown by reference numerals 16 and 18, respectively. 
Accordingly, neither the electrical field 14 nor the 
resulting plasma, not shown, is uniform at all loca- 
tions proximate the electrodes 10 and 12. 

Referring now also to FIGURE 2, there is shown a 
cross sectional view of the same parallel plate panel 
electrodes 10 and 12 with a substrate 20 therebetween. 
The substrate 20 has a major axis substantially pa- 
rallel to the major axis of the electrodes 10 and 12. 
The electrical field at a given instant of time has 
relatively low intensity in the center region 22 
proximate the electrodes 10 and 12 and relatively high 
intensity at the outer edge regions 24 and 26 proximate 
the electrodes 10 and 12. It can be seen that conven- 
tional parallel plate panel electrodes 10 and 12 with a 
substrate 20 intermediate them results in a nonuniform 
electrical field. 
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Referring now also to FIGURE 3, there is shown a 
plasma reactor system having an upper electrode 28 and 
a lower electrode 30 parallel thereto. Intermediate 
these two electrodes 28 and 30 and substantially 
parallel thereto, is a substrate 32 which is grounded 
or maintained at zero electrical potential. 

An r.f. source of power or generator 34, such as 
Model No. PM 145 manufactured by the Branson IPC Co., 
is electrically connected to the upper electrode 28. A 
second r.f. source of power 36 is electrically connect- 
ed to the lower electrode 30. In order to match impe- 
dance, an impedance matching network 38 is connected to 
the upper r.f. power source 34 in series with the upper 
electrode 28. The iin>edance matching network includes 
fixed and variable capacitors. A second impedance 
matching network 40 is connected to the second r.f. 
power source 36 in series with the lower electrode 30. 

Alternating current phase diagrams 42 and 44 indi- 
cate the phase differential between r.f. power sources 
34 ftnd 36. It can be seen that the r.f. power sources 
34 and 36 are 1.80** out of phase with one another at all 
times. It can also be seen that the electrical field 
generated between the upper and lower electrodes 28 and 
30, respectively, is substantially uniform along the 
length of the substrate 32, including the end portions 
46 and 48 thereof. 

Referring now also to FIGURE 4, there is shown a 
reactor chamber 50 suitable for maintaining a high 
vacuum for use in plasma processes. Such a chamber 50 
can be obtained from the Branson IPC Co., for example, 
as Model No. 7415. The chamber 50 is evacuated and thin 
argon and oxygen or CF^ and oxygen are introduced 
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thereto. A housing 52 is disposed within the reactor 
chamber 50. In the housing 52 are mounted a plurality 
of cards or boards 54 suitable for having electrical 
circuits printed thereon. The boards 54 are electri- 
cally connected to one another by means of a bus 
structure 56 which ^ in turn, is grounded 57, 

Electrodes 58 and 60 are placed alternately on 
either side of the substrate 54. Electrodes 58 are 
electrically connected to one another by means of a bus 
structure 62. The bus structure 62 is electrically 
connected to an r.f. power generator 64 which is 
adapted, in the preferred embodiment, to operate at 
13.5 MHz. It has been discovered that for high aspect 
ratio through holes (i.e., those whose ratio of hole 
length to diameter is greater than 6:1), an r.f. power 
generator operating at a much lower frequency (e.g., 50 
KHz) prevents creation of polymer species from feed 
gas. U.S. Patent No. 4,425,210 issued to Fazlin, for 
example, discloses relatively low frequency r.f. 
values. Thus the ionic plasma species etchants respond 
to the r.f. field to reach the through hole interior, 
providing uniform etch thereof. Phase diagram 65 
represents the phase of the r.f. generator 64 at a 
given moment of time. 

Similarly, remaining electrodes 60 are connected 
to one another by means of another bus structure 66. 
Bus structure 66 is electrically isolated from, al- 
though physically supported by, bus structure 56 by 
means of insulating members 66a and 66b. This second 
bus structure 66 is electrically connected to a second 
r.f. power generator 68 also adapted to operate at 13.5 
MHz. Phase diagram 69 represents the phase of second 
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r.f. generator 68. The electrical signal from the first 
r.f. generator 64 Is 180° out of phase with the elec 
trical signal generated by the second r.f. generator 68 
in the preferred end^odiment. A comparison of AC phase 
diagrams 65 and 69 indicates this phase differential 
relationship. 

It has also. been discovered that a phase differen- 
tial between the r.f, power generators 64 and 68 
results in a more uniform electric field than can be 
obtained either by a single r.f. power generator or by 
a plurality of r.f. generators, all being in phase 
with one another. The phase differential need not be 
180 . Thus, it should be understood that any phase 
differential between r.f. power generators 64 and 68 is 
within the scope of the present invention, it should 
also be understood that in another embodiment only one 
r.f. generator need be used in conjunction with the 
reactor chamber 50, provided that two or more electri- 
cal output signals are independently created thereby 
each being out of phase with one another. 

Gas inlet and gas outlet pipes or tubes, not 
shown, are connected to the reactor chamber 50 to 
introduce gas thereto or to remove gas therefrom as 
required. In operation, continuous gas introduction and 
exhaust can be accomplished by one or more of such 
lines connected to the chamber 50. 

Referring now also to FIGURE 5, there is shown a 
hollow electrode plasma system. This hollow electrode 
plasma system is surrounded by a plasma chamber, not 
shown, the interior of which is covered and protected 
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by nonconductive material such as Teflon material. 
(Teflon is a registered trademark of E.I, duPont de 
Nemours Co.) 

A first hollow electrode 70 has a plurality of 
holes 72 drilled or punched in one major surface 
thereof. The holes are shown in phantom in FIGURE 5. 

The holes 72 are also shown in a rectilinear, uniform 
matrix pattern in the preferred embodiment. But it 
should be understood that any pattern of holes 72 that 
ensures uniform gas distribution may be used. 

In spaced apart relationship to this first hollow 
electrode 70 is a substrate 74, the major axis of which 
is parallel to the major axis of the electrode 70. 
Connected to the electrode 70 is an r.f. power supply 
76. The substrate 74 is grounded. 

Immediately adjacent and substantially parallel to 
the stLbstrate 74 is a second hollow electrode 78 having 
a plurality of holes, not shown, drilled or punched 
through both major surfaces thereof. A second r.f. 
power supply 80 is electrically connected to this 
hollow electrode 78. In a like manner, another sub- 
strate 82 is positioned substantially parallel to the 
hollow electrode 78 and is also grounded. 

A third hollow electrode 84 is positioned substan- 
tially parallel to the substrate 82. This electrode 84 
also has a plurality of holes, not shown, drilled or 
punched completely therethrough. Another r.f. power 
supply 86 is connected to this hollow electrode 84. 
Another substrate 88 is placed stibstantially parallel 
to the third hollow electrode 84 and is also grounded. 
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Finally, a fourth hollow electrode 90 having 
holes r not shovm, drilled or punched therethrough on 
one major surface only is placed substantially parallel 
to the substrate 88 and is, in turn^ electrically 
connected to a last r.f. power supply 92. 

Gas inlet pipes 94, 96, 98 and 100 are connected 
to the hollow electrodes 70, 78, 84 and 90, respective- 
ly. Independently operable valves 94a, 96a, gSa and 
100a are placed in corresponding inlet pipes 94, 96, 98 
and 100 to shut off the flow of gas therethrough. 
Connected to the inlet pipes 94, 96, 98, 100 is an 
inlet manifold 101 for distributing gas evenly to the 
hollow electrodes 70, 7 8, 84, 90. 

On the side of the electrodes opposite the gas 
inlet manifold 101 are gas outlet pipes, one of which 
being 102, having independently operable valves 102a 
corresponding to each pipe. The gas outlet pipes 
associated with hollow electrodes 78, 84 and 90 are not 
shown in FIGURE 5. All of the gas outlet pipes are 
connected to their associated hollow electrodes and to 
an outlet manifold 104 for allowing gas to be exhausted 
from the hollow electrodes uniformly. 

A main gas feed line 106 is connected to the inlet 
manifold 101. Similarly, a main gas exhaust line 108 is 
connected to the outlet manifold 104. 

It should be understood that the function of the 
gas inlet lines 106, 94, 96, 98, 100 and manifold 101 
and the function of the gas outlet lines 108, 102 and 
manifold 104 can be reversed, if desired. That is, when 
appropriate, gas may be introduced by means of the main 
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gas exhaust line 108 and exhausted by means of the main 
gas feed line 106*. 

The use of inlet and outlet pipes in direct 
conjunction with hollow electrodus maximizes gas 
distribution and flow across the substrates r thus 
ensuring uniformity of gas flow as well as uniformity 
of electric field. The advantage of these combined 
uniformities is a more accurate and uniform etching or 
deposition during the plasma process. 

The function of valves 94a, 96a, 98a, 100a, 102a 
and those not shown should also be described for a 
clear understanding of the hollow electrode plasma 
system. When gas is introduced under pressure from the 
main gas feed line 106 through the inlet manifold 101, 
valves 94a, 96a, 98a and 100a are placed in an open 
position to allow the gas to reach and enter the hollow 
electrodes 70, 78, 84 and 90 respectively. When the 
outlet pipe valves 102a and others, not shown, are 
placed in a closed position, the gas is forced through 
the hollow electrode holes 72. In this manner, gas 
introduced into the hollow electrodes 70, 78, 84, 90 
under pressure by means of the corresponding gas inlet 
ports 94, 96, 98, 100 is distributed through the 
electrode holes 72 to impinge on the substrates 74, 82, 
88 in a substantially uniform manner. 

It can be seen that suitable settings of inlet 
valves 94a, 96a, 98a and 100a and outlet valves 102a 
and others, not shown, can result in gas flowing 
through the hollow electrodes 70, 78, 84, 90 in any one 
of a number of gas flow patterns. Individual substrates 
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or groups of substrates can be processed by appro- 
priately setting the inlet and outlet valves and 
selecting the main gas feed line 106 and main gas 
exhaust line 108. It should also be understood that any 
number of hollow electrodes and alternating substrates 
may be used in accordance with this invention. 

The gas inlet lines 94, 96, 98 and 100 are used to 
introduce gas with which a plasma reaction may be 
maintained. Such gases are commonly CP^, Ojr ammonia, 
freon and the like. A gas composition having a mixture 
of any of the aforementioned molecules can also be 
used. Moreover, as previously mentioned, a mixture of 
argon and oxygen can be used with, relatively low r.f . 
power generator frequencies to clean high aspect ratio 
through holes. 

In the preferred embodiment, the phase different-^ 
ial among r.f. power sources is as follows, R.f, power 
supplies 76 and 86 are in phase with one another. R.f. 
power supplies 80 and 92, while being in phase with one 
another, are 180^ out of phase with the aforementioned 
r.f. power supply pair 76 and 86. Typical frequencies 
are in the range of 50 KHz to 13.5 MHz. 

Referring now also to FIGURE 6, there is shown a 
cross-sectional portion of hollow electrodes 70 and 78 
and substrate 74 therebetween, taken along line 6-6 of 
FIGURE 5. The hollow electrode 70 has two walls: a 
left, solid wall 109 and a right wall 110 with holes 
72. The holes 72 of the right wall 110 of electrode 70 
are tapered in such a way as to allow a dispersion of 
gas from the left portion of the reactor chamber 50 
(FIGURE 4) to the right portion thereof. Thus, the 
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holes 72 in electrode 70 have a smaller diameter on the 
left side of wall 110 and a larger diameter on the 
right side of wall 110 of the electrode 70. 

The orientation of the tapered holes 72 is revers- 
ed on the left wall 112 of the hollow electrode 78 so 
as to allow uniform gas distribution to the rightmost 
major surface of the substrate 74. It should be under- 
stood that tapering of the holes 72 in the manner shown 
is useful for one substrate 74 shown in this example 
placed intermediate two hollow electrodes 70 and 78. 
Alternative arrangements and orientations of electrode 
holes 72 can easily be designed for modifications to 
the plasma process, depending on gas flow direction and 
number of substrates to be processed concurrently. 

Referring now also to FIGURE 7, there is shown a 
top view of a system adapted for use in a continuous 
plasma treatment process having uniform gas flow and 
uniform electric, field. A vacuum lock 114 is connected 
to a linear reactor chamber 115. The vacuum lock 114 is 
used to permit substrates 122a, 122b, 122c or other 
articles to enter the reactor chamber 115 and move 
along a transport track 123 without affecting the 
atmosphere or vacuum therein. 

Within the reactor chamber 115 and on one side of 
the centerline thereof are three hollow electrodes 116 
which are electrically connected to an r.f. power 
supply, RFl. These three electrodes 116 are thus in 
electrical phase with one another. 

Three other hollow electrodes 118 are disposed on 
the opposite side of the reactor centerline, each of 
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which corresponding to one of the aforementioned 
electrodes 116, The electrodes 118 are electrically 
connected to a second r.f. power supply RF2 and are in 
phase with one another, but 180^ out of phase with 
respect to electrodes 116. 

A second vacuum lock 120 is attached to the 
reactor chamber 115 on the side opposite the first 
vacuum lock 114. Vacuum lock 120 is used to remove 
substrates 122a, 122b, 122c from the reactor chamber 
115 without affecting the atmosphere or vacuum therein. 

In FIGURE 7, substrates 122a, 122b, 122c are shown 
in a vertical orientation. It should be understood that 
the orientation of the electrodes 116 and 118 may 
likewise be parallel to one another and horizontally 
disposed, similar to the schematic orientation shown in 
FIGURE 3. The substrates 122ar 122b, 122c are grounded 
in the preferred embodiment, but may be maintained at a 
fixed voltage potential throughout the plasma process. 

In operation, the substrates 122a, 122b, 122c are 
advanced along the transport track 123 from the initial 
vacuum lock 114 through the reactor chamber 115, 
between hollow electrodes 116 and 118 and through 
second vacuum lock 120. A drive mechanism, not shown, 
advances each substrate on the transport track 123 
linearly from one location in the reactor apparatus to 
another sequentially and continuously. Heating elements 
124, disposed within the initial vacuum lock 114, can 
be used to preheat the substrates 122a, 122b, 122c 
before plasma etching or deposition occurs. 

Provision is made, not shown, for introducing and 
exhausting gas used in plasma treatment through the 
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hollow electrodes 116 and 118 in accordance with the 
description hereinabove presented in conjunction with 
FIGURE 5. The flow of gas through the hollow electrodes 
116 and 118 and around and through the substrates 122a, 
122b, 122c is shown in FIGURE 7 as arrowed lines. The 
hollow electrodes 116 and 118 have apertures on both 
sides as well as a series of holes forming a center 
sink intermediate the walls facing the substrates 122a, 
122b, 122c. 



In an alternate embodiment, not shown, the reactor 
chamber 115 can be divided into two or more sections, 
each being isolated from one another and each being 
adapted to process substrates with a different gaseous 
composition. Alternatively, one or more secondary 
reactor chambers can be placed between the primary 
reactor chamber 115 and the vacuum lock 120 in each of 
which a different plasma process can be maintained, 
each independently from one another. Such a series of 
plasma treatment stages can be useful, for example, in 
etching, hole. cleaning, board preparation and deposi- 
tion or any combination of the above. 

Referring now also to FIGURE 8, there is shown a 
circular reactor chamber for continuous or semi-conti- 
nuous plasma processing. The unit comprises essentially 
two cylindrical elements 130 and 132 at the upper and 
lower ends of which are secured upper and lower closure 
plate members, not shown in this top cross sectional 
view. 



The inner cylinder 132, which forms the vacuum 
manifold 134, provides for connecting into a central 
vacuum pump. 
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Between the outer and inner cylinders 130 and 132, 
numerous suitable radial partition assemblies such as 
136 and 138, extending generally radially, divide the 
apparatus into a number of separate processing regions 
or chambers, such as 140 through 154, inclusive. These 
separate chambers are constructed so that a ring-like 
platform, not shown, may be suitably rotated within and 
through them to carry substrates. 

A conventional air lock or vacuum lock element 156 
leads into one of the chcimbers 140 and provides for 
loading and unloading the substrates carried on the 
rotary ring platform. The control provides essentially 
a vacuum locking device which isolates the load and 
unload chamber 140 from all other portions of the unit* 
Isolation of the vacuum processing chambers 140 through 
154 is achieved and effected by providing an extremely 
close tolerance between the substrate carrier platform 
and a differentially pumped isolation compartment 141. 

The carrier platform is arranged to pass from one 
chamber, such as 142 into an adjacent chamber 144, 
through openings provided in the walls of the radially 
extending partition assembly members 136 and 138. These 
openings are usually arranged in a rectangular form 
through the use of a series of right angled duct-like 
elements 158 to provide a controlled leakage path at 
both the top and the sides through which the platform 
moves. One side of the angled elements 158 is fastened 
to the partition wall 136, while the other side is 
free, except for -the connection at the abutting edges 
which are welded or soldered to make a tight fit. This 
controlled leakage path provides efficient isolation of 
one process environment from another. 
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The ring platform may be driven from any desired 
form of prime mover such as a motor and appropriate 
gears, not shown. The outer edge of the ring-like 
platform may be formed as a toothed member, for ex- 
ample, with the teeth adapted to mesh with thr teeth of 
a driving pinion so that rotation is readily achieved. 
Of course, other forms of drives such as frictional 
members may be utilized. The apparatus described here 
is purely for convenience. 

As can be appreciated from the showing of FIGURE 
8, the central vacuum manifold 134 is common to all of 
the formed chambers, 140 through 154. 

A valve element 180 of the generally butterfly 
type leads from each formed processing chamber into 
this central manifold 134. By suitable rotation of the 
valve 160, the specified processing chamber can be 
opened to the manifold 134 or can be closed off there- 
from. In this way, a single high speed vacuum pumping 
system, such as a diffusion or turbo pump, when 
connected to lead to vacuum manifold 134, can provide 
the necessary vacuum to all of the different formed 
processing chambers and radial partition assemblies. 
The pumping system can be further connected to various 
mechanical pumps for establishing desired vacuum level. 

Each of the separate valves 160 constitutes a 
controllably variable conductance element which is 
supported in the inner cylindrical wall. It is thus 
possible to have a multiplicity of differentially 
pumped processing chambers because of the radial 
partition assemblies separating each from the central 
vacuum manifold 134. 
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The vacuum manifold communication to the radial 
partition assemblies between the separate chambers, 
such as 144 and 148, is provided by a fixed or con- 
trollable conductance entrance port 162 connected to 
corresponding isolation compartments between walls such 
as 136 and 138, so that the pressure therein is almost 
as low as that within the manifold 134 leading to the 
vacuum pump. Because of leakages and similar effects, 
this isolating region or compartment is usually at a 
slightly higher pressure than that of the vacuum 
manifold 134. The highest system pressure is, of 
course, found within such chambers as 140, 142, 144, 
148, etc. It is these regions or compartments which 
constitute the various processing component volumes. 

The ring platform successively moves within the 
different processing chambers and, as this occurs, the 
supported substrates which may be Included within an 
appropriate atmosphere introduced in any appropriate 
and desired manner may be sputter treated by r,f. 
excitation of sputtering cathode elements 164 positioned 
within the various chambers or other vacuum processes. 
If desired, and in other that the relative pressures in 
the different chambers shall be separably controllable, 
it is apparent that each of the control mechanism 
conventionally represented for turning the valves 160 
may be automatically operated. The directly pumped 
controlled leakage slots in the radial partition 
assembly 136, 138 eliminate process chamber contamina- 
tion from one compartment to that adjacent to it. 

In operation, the substrate carrier platform is 
confined to the vacuum environment. This reduces 
out-gassing. The directly pumped radial partition 
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assemblies, as already noted, serve substantially to 
eliminate compartment contamination. 

A 4 ft. diameter circular processing chamber is 
approximately the equivalent of an 11 ft. length 
linear, in-line section. The circular processing system 
provides for substrate loading and unloading in adja- 
cent areas, as -contrasted with the in-line system which 
requires loading and unloading at opposite ends of the 
system, as previously described. 

In addition, the circular arrangement (FIGURE 8) 
with the centrally located purtping system beneath the 
processing chambers makes necessary only a single 
pus^out unit. 

With the circular reactor arrangement, the loading 
of substrates as well as the unloading thereof is 
achievable by any desired form of simple automatic 
method and permits a continuous or semi-continuous 
operation without causing the environment to vary. It 
is also readily controllable by computer control for 
different types of processing and purely automatic 
operation. 

It should be understood that the circular reactor 
apparatus, as well as the longitudinal reactor appara- 
tus described in FIGURE 7, can be used with boards or 
substrates transported either vertically or horizon- 
tally. 

An oxygen plasma can be used in the continuous 
plasma device hereinabove described to improve adhesion 
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between copper, the most commonly used electrical 
conductor, and epoxy, a nonconductive material. More*- 
over, a plasma consisting of NH^ and amine can be used 
to prepare a board for future seeding operations. 

Since other modification and changes varied to fit 
particular operating requirements and environments will 
be apparent to those skilled in the art, the invention 
is not considered limited to the examples chosen for 
purposes of disclosure, and covers all changes and 
modifications which do not constitute departures from 
the true spirit and scope of this invention- 
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CLAIM S 

1. 



A plasiw reactor chamber for continuous plasma pro- 
cessing of the major surfaces of a plurality of sub- 
strates characterized in that it comprises: 

- means (116,118) operatively connected to said 
chamber (115) for continuously introducing a gas 
to be converted in a reactive species by an 
electric field; 

- means (116,118) operatively connected to said 
Chamber (115) for continuously exhausting gas; 

- drive means (123) operatively connected to said 
chamber and to said substrates (122A, 122B, 122C) 
to facilitate the advancement thereof seriatim 
along a predetermined path in said chamber; 

- a vacuum lock (114,120) operatively donnected to 
said chamber for maintaining a substantially con- 
stant atmosphere therein while each of said sub- 
strates is inserted therein and removed therefrom; 
and 

- at least one pair of electrode means (116,118) dis- 
posed in said plasma reactor chamber (115) in 
cooperative relationship with one another and with 
said substrates (122A,122B,122C) . 

2. The chamber in accordance with claim 1 wherein 
portions of the major surfaces of said plurality of 
substrates consist of electrically conductive material. 

3. The chamber in accordance with claim 2 wherein 
said substrates are printed circuit boards. 
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4. The chamber in accordance with claim 2 wherein 
said sxibstrates are printed circuit cards • 

5. The chamber in accordance with claim 1 wherein 
said predetermined path in said chamber forms a sub- 
stantially closed loop. 

6. The chamber in accordance with claim 1 wherein 
the plasma process consists of etching predetermined 
portions of material on the major surfaces of said 
plurality of substrates. 

7. The chamber in accordance with claim 6 wherein 
said plasma etching of said predeterained portions of 
material is continuous. 

8. The chamb.er in accordance with claims 3 or 4 
wherein the plasma process consists of cleaning through- 
holes in said printed circuit boards or cards. 
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FIG. 5 
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FIG. 8 




EN 984020 



